ABSTRACT
INTRODUCTION
Snake's venom is a complex mixture of proteins, nucleotides and inorganic ions. This combination gives an array of toxicity to the venom, where the peptides and polypeptides are responsible for a variety of toxic properties [1] . The snake crude venom has a wide spectrum of biological activities, such as neurotoxic, cardiotoxic, cytotoxic and antibacterial activity [1] [2] [3] . Furthermore, some viper venom components show antitumor and antiangiogenic activities [4] . Due to this broad range of biological functions, the snake venom and its bioactive components have been the subject of many scientific articles in different research fields, including biochemistry, biophysics, toxicology, pharmacology and medicine [1, [5] [6] [7] .
According to their ability to shorten or prolong the blood clotting process, snake venom proteins that affect blood coagulation can functionally be classified as pro-coagulant or anticoagulant proteins. Pro-coagulant proteins are either serine proteinases or metalloproteinases. They induce blood coagulation either by specifically activating zymogen, one of the blood coagulation factors, or by directly converting soluble fibrinogen into an insoluble fibrin clot [8] . However, those which prolong the blood coagulation process are proteins or glycoproteins. Some of these anticoagulant proteins exhibit enzymatic activities, such as PLA2 and proteinase, whereas others do not exhibit any enzymatic activity. The mechanism of anticoagulant activity of only a few of these proteins is well understood [9] . Thus, venoms of Crotalidae and Viperidae snakes were considered as complex mixtures of numerous molecules that can possess both procoagulant and anticoagulant properties [10] [11] [12] . Pro-coagulant molecules, especially from the Viperidae, have been used in medical applications and diagnosis such as RVV-factor X activator (RVVX) a well-known pro-coagulant from Russell's viper venom (RVV) useful for measuring a lupus anticoagulant [13] .
Moreover, the assessment of the blood effect of snake venoms concerning the coagulopathy and hemolytic activity is not a recent concept. In fact, since 1961, Rosenfeld and collaborators had conducted a study on the hemolytic effects of 29 snake venoms [14] [15] . Except for Crotalus h. horridus, all venoms hemolysed the RBCs to a varying degree. The majority of the venoms hydrolyzed membrane phospholipids in the presence or absence of albumin, as long as Ca 2+ was present. A correlation was found between fatty acid cleaved and hemolytic activities. These results suggested that membrane damage as evidenced by membrane phospholipid splitting is a prerequisite to hemolysis in this system [16] .
M. bornmuelleri is one of venomous viper species found in Lebanon. Very little is known about the biology of this endemique and rare species. M. bornmuelleri venom has been the subject of some previous studies conducted by our team of researchers [17, 18] . Our earlier results about the characterization of the M. bornmuelleri venom demonstrated that it is a complex mixture of proteins and enzymes and, has considerable biological effects such as proinflammatory and antibacterial activities. Henceforth, the impact evaluation of M. bornmuelleri venom on human blood concerning the coagulation disruption and hemolytic activities, designing the principal aim of this work, seems essential to assess the important exploration of the interest biomolecules presented in this natural extract.
MATERIALS AND METHODS

A. Materials
Venom was manually milked from M. bornmuelleri vipers, freeze-dried into crystal shape, and stored at -20°C in a dry, cold and light-free place. In our study, the lyophilized venom was dissolved in PBS to obtain a solution of 20 mg/mL. L-α-PC and Triton X-100 were from Sigma-Aldrich. 
2.3.
Hemolytic activity in the presence of divalent ions (Ca 2+ ): In this experiment, calcium ions (20 mM) were incubated with the test solutions of M. bornmuelleri venom for evaluating their effects on erythrocyte lysis. 2.9 mg of CaCl 2 .2H 2 O were dissolved in 1 mL of PBS, the resulting solution were used for the preparation of the RBCs suspension (30% V/V). After treatment with different amounts of venom test solutions, the tubes were incubated and centrifuged as described earlier, and the degree of hemolysis was calculated after measuring the absorbance of the released hemoglobin into the supernatant at 540 nm. In this case, the tube considered as positive control contains 200 µL of distilled water and 100 µL of RBCs, whereas the negative control contains 200 µL of PBS and 100 µL of RBCs in the presence of CaCl 2 .
Indirect hemolytic activity
Indirect hemolysis involves the conversion of lecithin to lysolecithin and fatty acids, which are known to induce hemolysis of erythrocytes. Erythrocyte suspensions were incubated with different amounts of venom samples in the presence of 30 µg/mL lecithin and 1.25 mM CaCl 2 . The tubes were then incubated and centrifuged as described earlier, and the degree of hemolysis was calculated after measuring the absorbance of the supernatant at 540 nm. 
RESULTS AND DISCUSSION
Human plasma coagulation effects
PT and aPTT tests were performed to evaluate the effect of M. bornmuelleri venom on the blood coagulation cascade. Results obtained for PT and aPTT tests shown in Table  1 are compared to the standard used for system calibration. For venom concentration ≥ 0.05 mg/mL, there was a total anticoagulation activity in PT test with time exceeding 200 seconds. This effect decreases with a lower concentration of the crude venom, even a concentration of 0.0031 mg/mL still exhibit an anti-coagulant activity. In aPTT test, the venom has shown an anti-coagulant action with high concentration ≥ 0.1 mg/mL but when concentration decreases to 0.05 and 0.025 mg/mL, the clotting time went down the normal value pointing to a pro-coagulant activity of the crude venom of M. bornmuelleri. Below these concentrations, the crude venom has no action on blood coagulation and aPTT value returns to normal. The crude venom of M. bornmuelleri showed both pro-coagulant and anticoagulant activities with different concentrations; PT and aPTT are both disrupted suggesting that the defect lies in multiple pathways or in the common pathway of the coagulation cascade.
In general, Viperidae venoms mainly cause hemorrhaging and coagulation disorders. Over the years, many toxins affecting blood circulation have been isolated and characterized from various viper venoms [19] . Some affect platelet aggregation, whereas others affect blood coagulation cascade. Venom proteins that affect blood coagulation can be classified as pro-coagulant or anticoagulant proteins based on their ability to shorten or prolong the blood-clotting process [11, 12] . Pro-coagulant proteins are either serine-proteases or metalloproteases [8] . These factors inhibit blood coagulation by different mechanisms. Some of these anticoagulant proteins exhibit enzymatic activities, such as PLA2 and proteinase, whereas others do not exhibit any enzymatic activity [20, 21] . Moreover, Dambisya et al. (1994) discussed previously the presence of numerous molecules in the compound venomous of the Viperidae family that can possess both procoagulant and anti-coagulant properties [22] . In fact, these authors reported that the different concentrations of C. hodostoma (Malayan pit viper) venom showed the dual effects (pro and anti-coagulant). These observations are relevant to our results obtained of the M. bornmuelleri venom on the coagulation cascade. In future work, confirmation tests should be done for better analysis and in order to localize the action of the crude venom to certain activation step(s) in the cascade.
Hemolytic activity
Direct hemolytic activity
To evaluate the potential of M. bornmuelleri venom to induce hemolysis, 30% suspensions of human RBCs were treated with different amounts of M. bornmuelleri venom (1, 2, 4, 6, 8, 10, 15, 20, 40 and 80 µL from initial solution at 20 mg/mL). After incubation at 4°C for 30 min, the tubes were centrifuged and the absorbance of the supernatants was measured at 540 nm. These values were used to determine the percentage of hemolysis in each tube depending on the amount of venom used. The results, shown in figure 1 , prove that the venom has no direct hemolytic activity on a 30% suspension of RBCs. Indeed, we noticed that even when 80 µL of the venom solution were added (equivalent to 1.6 mg of crude venom) the supernatant is clear, its absorbance is negligible and the percentage of hemolysis is always lower than 1%. These results suggest that the components of the venom cannot act in a direct way on RBCs membrane and therefore induce its hemolysis. Since our principal aim is to study the M. bornmuelleri venom for the development of new biopharmaceutical compounds, it is necessary that this natural extract don't affect human cells, particularly the RBCs. Indeed, it is now important to mention that our observations, demonstrating -in vitro-the absence of the direct hemolytic activity, could be considered as sensitive results to express the degree of cytotoxicity of any substance derived from the M. bornmuelleri venom. This idea is supported by some previous studies showing that the neutralization of the hemolytic power of the animal venom tested on rabbit, sheep, or human erythrocytes seems to correlate with the neutralization of venom lethality in mice [23, 24] .
Hemolytic activity on human blood agar plate
Another test was conducted to evaluate the hemolytic activity using Petri dishes containing nutrient agar supplemented by RBCs (5%). However, it allows the assessment of hemolysis that appears as an easily visible light area on the agar. 20 µL of the crude venom (from initial concentration at 20 mg/ mL), 20 µL of Triton X-100 (positive control) and 20 µL of PBS have been introduced into the wells dug in the agar. Results represented in figure 2 were observed after 24h of incubation at room temperature. They show an absence of enlightenment around the well containing the venom. Therefore, the absence of hemolytic activity was further confirmed also on blood agar plate, while 40 μg of M. bornmuelleri venom didn't show any hemolytic halo. This proves that this venom under these conditions, does not exercise any hemolytic effect, which isn't the case of the positive control which shows a clearly enlightened area. Most snake venoms contain phospholipases that hydrolyze free or membrane phospholipids into fatty acids and lysophospholipids. Some of these PLA2 require Ca 2+ for their activity [4] , that's why the hemolytic activity of M. bornmuelleri venom was tested in the presence of Ca 2+ at a concentration of 20 mM. Results obtained didn't differ from the previous one demonstrating that even in the presence of Ca 2+ , the hemolysis was similar or lower the negative control (data not shown). It's well known that these divalent ions play an important role in hemolysis by increasing the activity of several hemolytic toxins [25] , that's why the absence of hemolysis even in presence of Ca 2+ justify our previous results saying that M. bornumelleri venom is unable to induce direct hemolysis.
Indirect hemolytic activity
Hemolytic activities observed with animal venoms can be categorized into two groups: those which lyse erythrocytes directly or indirectly (i.e., requiring the presence of lecithin or free fatty acids) in order to induce hemolysis [26] . In this case, phospholipases cannot act on membrane phospholipids but induce hemolysis by lysophospholipids known by their surfactant power.
Since M. bornmuelleri venom didn't show any direct hemolytic activity under previous conditions, it was necessary to study the possible indirect hemolytic activity. In the presence of lecithin (30 µg/mL) and CaCl 2 (1.25 mM), RBCs suspension was treated with 10, 20, 40 and 80 µL of the venom solution (concentration at 20 mg/mL). The result shows that the percentage of hemolysis increases in a dose-dependent manner, contrary to previous tests ( Figure 3 ). This augmentation is significant; it reaches 1.2 % after the addition of 80 µL of venom, on the other side the maximum percentage of lysed RBCs has not exceeded 0.3 % in the previous tests. These results could be explained by the presence of PLA2 able to hydrolyze free lecithin but unable to induce direct hemolysis. In fact, PLA2 are enzymes that hydrolyze the sn-2 ester bond of phospholipids, and are abundant in the venoms of snakes and insects as well as in mammalian pancreatic juices. It is well known that PLA2 in snake venom are associated with various pathological symptoms in poisonings. Our findings could be compared to the hemolytic activity of the purified PLA2 from crown-of-thorns starfish A. planci spines venom against sheep erythrocytes: In the presence of PC, PLA2 caused hemolysis at a much higher level than in the absence of PC, suggesting that purified PLA2s from A.planci venom were very weak as to direct hemolysis, but exhibited indirect hemolytic activity [27] .
Compared to other vipers, V. palestinae and V. russellii venoms showed the presence of PLA2, which is inefficient in inducing neither lysis nor substantial phospholipid splitting of washed erythrocytes, unless it was fortified with the direct lytic factor fraction derived from Cobra venom. Actually the synergy between cytotoxin and phospholipase is noticed and their cross-contamination induced a significant increase in the cytolytic power of one or the other [23, 28] .
Also, PLA2 fractions (phosphatide acylhydrolase, EC 3.1.14) isolated from the Cobra venoms were devoid of hemolytic activity and caused no significant breakdown of phospholipids in the intact erythrocytes. Another protein component derived from the same venoms (the direct lytic factor) was weakly hemolytic but showed no phospholipase activity. The two fractions, when combined, produced strong hemolysis and concomitant hydrolysis of erythrocyte phospholipids to lysophospholipids [28] .
CONCLUSION
In this study, we demonstrated the dual effect of M. bornmuelleri venom on human blood coagulation. Thus, the venom showed -pro-or anti-coagulant activities at different concentrations; extrinsic and intrinsic pathways are both disrupted suggesting that the defect lies in multiple pathways or in the common pathway of the coagulation cascade.
We also showed that M. bornmuelleri venom does not induce direct hemolysis of a 30% suspension of RBCs even in the presence of 1.6 mg of lyophilized venom. Contrariwise, hemolytic activity is recorded in case where the lecithin is added to the suspension. This activity increases proportionally to the added amount of venom it refers to the presence of PLA2 known by their ability to hydrolyze lecithin. On the other side, the absence of cytotoxins or other components known as direct lytic factor could explain the lack of direct hemolytic activity. Finally, M. bornmuelleri venom is still not extensively explored and further investigated on its component may be a useful tool for a better understanding of its action mechanism and may lead to a new range of molecules with pharmaceutical interest. 
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